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SPECIFICATION 

HONEYCOMB FILTER FOR PURIFYING EXHAUST GASES 

5 CROSS REFERENCE TO RELATED APPLICATION 

This application claims benefit of priority to Japanese 
Patent Application No . 2.002-106777, filed on April 9, 2002/ the 
contents of which are incorporated by reference herein. 

10 TECHNICAL FIELD 

The present invention relates to a honeycomb filter for 
purifying exhaust gases that is used as a filter for removing 
particulates and the like contained in exhaust gases discharged 
from an internal combustion engine such as a diesel engine or 

15 the like. 

BACKGROUND ART 
In recent years , particulates, contained in exhaust gases 
discharged from internal combustion engines of vehicles such 
20 as buses, trucks and the like and construction machines, have 
raised serious problems as these particulates are harmful to 
the environment and the human body. 

For this reason, there have been proposed various ceramic 
filters that allow exhaust gases to pass through porous ceramics 
25 and to collect particulates in the exhaust gases, thereby 
purifying the exhaust gases . 

With respect to the ceramic filter of this type, 
conventionally, for example, there has been proposed a honeycomb 
filter which has a structure in which a plurality of columnar 
30 porous ceramic members, each of which is made of silicon carbide 
and has a number of through holes placed in parallel with one 
another in the length direction with partition wall interposed 
therebetween, are combined with one another through sealing 
material layer (for example, see JP Kokai 2001-96117 and JP Kokai 
35 2001-190916) . 
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Honeycomb filters having the above-mentioned structure 
are superior in heat resistance and provide easy regenerating 
processes, so that they are used in various large-size vehicles 
and vehicles with diesel engines. 
5 When the above-mentioned honeycomb filter is installed 

in an exhaust gas passage in an internal combustion engine, 
particulates in exhaust gases that have been discharged from 
the internal combustion engine are captured by the partition 
wall upon passing through the honeycomb filter, so that the 

10 exhaust gases are purified. Here, as such an exhaust gas 
purifying process progresses, particulates are gradually 
accumulated on the partition wall that separates the through 
holes of the honeycomb filter to cause clogging and the subsequent 
interruption in gas permeability; therefore, the 

15 above-mentioned ceramic filter needs to be subjected to a 
regenerating process regularly by burning and removing the 
particulates that cause the clogging by the use of a heating 
means such as a heater or the like. 

However, when the exhaust gas purifying process is carried 

20 out for a long time by using such a conventional honeycomb filter, 
the sealing material layer, formed between the porous ceramic 
members, is likely to suffer from wind erosion by exhaust gases 
at the end face of the honeycomb filter on the exhaust gas inlet 
side. In particular, on the end face of the honeycomb filter 

25 on the exhaust gas inlet side, a crisscross portion, which is 
a portion at which sealing material layer formed between the 
porous ceramic members intersect with each other, is likely to 
suffer from concentrated wind erosion due to exhaust gases , with 
the result that a big depression is sometimes formed at this 

30 crisscross portion. 

When a honeycomb filter in which the sealing material layer 
has been subjected to wind erosion with the result that a big 
depression is formed at the crisscross portion of the sealing 
material layer is used to carry out an exhaust gas purifying 

35 process, a large amount of particulates tend to accumulate on 
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the big depression of the crisscross portion of the sealing 
material layer. 

In the case where the honeycomb filter in such a state 
is subjected to a regenerating process, since the particulates 
5 accumulated in the depression are burned to cause a great thermal 
stress on the sealing material layer locally, serious defects 
such as cracks and the like occur in the sealing material layer, 
causing destruction of the honeycomb filter in some cases. 

Moreover, JPKokai 2001-206780 has discloseda rectangular 

10 columnar ceramic structural body which is constituted by 

rectangular columnar ceramic sintered segments that have been 
integrally formed into one, with the widths of the sealing 
material layer between the segments being set not to a constant 
value, but to different values unevenly. 

15 Nevertheless, the application of this rectangular 

columnar ceramic structural body fails to sufficiently prevent 
wind erosion at the crisscross portion of the sealing material 
layer and, in the case where a catalyst or a catalyst supporting 
film is applied thereto, the sealing property and adhesive 

2 0 property of the sealing material layer tends to become 

insufficient . 

SUMMARY OF THE INVENTION 
The present invention has been made to solve the 
25 above-mentioned problems, and its object is to provide a 

honeycomb filter for purifying exhaust gases which has superior 
durability and is less likely to generate cracks and the like 
at a crisscross portion of sealing material layer, even when 
used together with a catalyst or used in an exhaust gas purifying 

3 0 device repeatedly for a long time. 

The present invention provides a honeycomb filter for 
purifying exhaust gases which has a structure in which: 

aplurality of rectangular columnar porous ceramic members 
are combined with one another through a sealing material layer 
35 to constitute a ceramic block, each of the rectangular columnar 



porous ceramic member comprising a number of through holes that 
are placed in parallel with one another in the length direction 
with partition wall interposed therebetween; 

a sealing material layer is also formed on a circumference 
5 portion of the above-mentioned ceramic block; and 

the above-mentioned partition wall which separates the 
above-mentioned through holes functions as a filter for 
collecting particulates, 

wherein, on a cross section perpendicular to the length 

10 direction of the above-mentioned porous ceramic member of the 
ceramic block, the maximum width L (mm) of the crisscross portion 
of the above-mentioned sealing material layer is 1.5 to 3 times 
greater than the minimum width 1 (mm) of the above-mentioned 
sealing material layer. 

15 Here, in the honeycomb filter for purifying exhaust gases 

of the present invention, the expression "on a cross section 
perpendicular to the length direction of the porous ceramic 
member of the ceramic block, the maximum width L (mm) of the 
crisscross portion of the sealing material layer is 1.5 to 3 

20 times greater than the minimum width 1 (mm) of the sealing material 
layer" means that when values of the maximum width L at crisscross 
portions of the respective sealing material layer are averaged, 
the average value is 1.5 to 3 times greater than the minimum 
width 1 of the sealing material layer. In this case, it is 

25 desirable to make the maximum width L 1 . 5 to 3 times greater 
than the minimum width 1 of the sealing material layer at all 
the crisscross portions of the sealing material layer. 

In the honeycomb filter for purifying exhaust gases of 
the present invention, desirably, the outer circumferential face 

30 in the length direction has a curved face. 

Desirably, a catalyst, a catalyst supporting film is 
applied to the honeycomb filter for purifying exhaust gases of 
the present invention. In the honeycomb filter for purifying 
exhaust gases of the present invention, the catalyst may be 

3 5 applied to the porous ceramic member or may be applied to the 
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sealing material layer. In the same manner, in the honeycomb 
filter for purifying exhaust gases of the present invention, 
the catalyst supporting film may be applied to the porous ceramic 
member or may be applied to the sealing material layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig 1 is a perspective view that schematically shows one 
example of a honeycomb filter for purifying exhaust gases of 
the present invention. 

Fig 2 (a) is a perspective view that schematically shows 
one example of aporous ceramic member constituting the honeycomb 
filter shown in Fig. 1; and Fig. 2(b) is a cross-sectional view 
taken along line A-A of the porous ceramic member shown in Fxg. 

2 U) ' Fig 3 (a) is a partial enlarged cross-sectional view that 
schematically shows one example of a cross section of a ceramic 
block constituting the honeycomb filter of the present invention 
shown in Figs. 1, 2; Fig. 3(b) is a partial enlarged 
cross-sectional view that schematically shows another example 
of the cross section of the ceramic block constituting the 
honeycomb filter of the present invention; and Fig. 3(c) is a 
partial enlarged cross-sectional view that schematically shows 
still another example of the cross section of the ceramic block 
constituting the honeycomb filter of the present invention. 

Fig 4(a) is a partial enlarged cross-sectional view that 
schematically shows one example of the honeycomb filter for 
purifying exhaust gases of the present invention; Fig. 4(b) is 
a partial enlarged cross- sect ional view that schematically shows 
another example of the honeycomb filter for purifying exhaust 
gases of the present invention; andFig. 4(c) is a partial enlarged 
cross- sectional view that schematically shows still another 
example of the honeycomb filter for purifying exhaust gases of 

the present invention. 

Fig 5 is a side view that schematically shows a 
manufacturing process of the honeycomb filter for purifying 
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exhaust gases of the present invention. 

Fig. 6 (a) is a partial enlarged cross-sectional view that 
schematically shows one example of a conventional honeycomb 
filter with a sealing material layer being formed on the 
5 circumferential portionof a ceramic block; Fig. 6(b) isapartial 
enlarged cross-sectional view that schematically shows another 
example of the conventional honeycomb filter with the sealing 
material layer being formed on the circumferential portion of 
the ceramic block; and Fig. 6(c) is a partial enlarged 

10 cross-sectional view that schematically shows still another 
example of the conventional honeycomb filter with the sealing 
material layer being formed on the circumferential portion of 
the ceramic block. 

Fig. 7 is a graph that shows the relationship between the 

15 rate (L/l) of the maximum width L of a crisscross portion of 
sealing material layer formed between porous ceramic members 
to the minimum width 1 of the sealing material layer and the 
depth of wind erosion at the crisscross portion of the sealing 
material layer, in honeycomb filters according to Examples 1 

20 to 15 and Comparative Examples 1 to 6 . 

Fig. 8 is a graph that shows the relationship between the 
rate (L/l) of the maximum width L of a crisscross portion of 
sealing material layer formed between porous ceramic members 
to the minimum width 1 of the sealing material layer and the 

25 depth of wind erosion at the crisscross portion of the sealing 
material layer, in honeycomb filters according to Examples 16 
to 30 and Comparative Examples 7 to 12 . 

Fig. 9 is a graph that shows the relationship between the 
rate (L/l) of the maximum width L of a crisscross portion of 

3 0 sealing material layer formed between porous ceramic members 
to the minimum width 1 of the sealing material layer and the 
depth of wind erosion at the crisscross portion of the sealing 
material layer, in honeycomb filters according to Comparative 
Examples 13 to 19. 

35 Fig. 10 is a graph that shows the relationship between 
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the rate (L/l) of the maximum width L of a crisscross portion 
of sealing material layer formed between porous ceramic members 
to the minimum width 1 of the sealing material layer and the 
depth of wind erosion at the crisscross portion of the sealing 
5 material layer, in honeycomb filters according to Test Examples 
1 to 21. 

EXPLANATION OF SYMBOLS 
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honeycomb filter 


10 11 


crisscross portion 


13 


sealing material layer 


14 


sealing material layer 


15 


ceramic block 


20 


porous ceramic member 


15 21 


through hole 


22 


plug 


23 


partition wall 



DETAILED DISCLOSURE OF THE INVENTION 
20 The present invention is directed to a honeycomb filter 

for purifying exhaust gases which has a structure in which: 
a plurality of rectangular columnar porous ceramic members 
are combined with one another through a sealing material layer 
to constitute a ceramic block, each of the above-mentioned 

2 5 rectangular columnar porous ceramic member comprising a number 

of through holes that are placed in parallel with one another 
in the length direction with partition wall interposed 
therebetween; 

a sealing material layer is also formed on a circumference 

3 0 portion of the above-mentioned ceramic block; and 

the above-mentioned partition wall which separates the 
above-mentioned through holes functions as a filter for 
collecting particulates, 

wherein, on a cross section perpendicular to the length 
3 5 direction of the above-mentioned porous ceramic member of the 
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above-mentioned ceramic block, the maximum width L (mm) of the 
crisscross portion of the sealing material layer is 1.5 to 3 
times greater than the minimum width 1 (mm) of the above-mentioned 
sealing material layer. 
5 Fig. 1 is a perspective view that schematically shows one 

example of a honeycomb filter for purifying exhaust gases of 
the present invention (hereinafter, also simply referred to as 
honeycomb filter of the present invention), and Fig. 2(a) is 
a perspective view that schematically shows one example of a 

10 porous ceramic member constituting the honeycomb filter shown 
in Fig. 1; and Fig. 2 (b) is a cross-sectional view taken along 
line A-A of the porous ceramic member shown in Fig. 2(a) . 

As shown in Figs. 1 and 2, the structure of the honeycomb 
filter of the present invention may be almost the same as a 

15 conventional honeycomb filter. 

In other words, a plurality of porous ceramic members 2 0 
are combined with one another through sealing material layer 
14 to constitute a ceramic block 15 , and a sealing material layer 
13 is also formed on a circumference portion of this ceramic 

20 block 15. Moreover, with respect to the porous ceramic member 
20, circumferential corner portions are chamfered (R-chamfered 
face) , and a number of through holes 21 are placed in parallel 
with one another in the length direction, so that partition wall 
23 that separates the through holes 21 functions as a filter. 

25 Here, with respect to the chamfered faces formed on the 

circumferential corners of the porous ceramic member 20, the 
detailed description thereof will be given later. 

As shown in Fig. 2 (b) , each of the through holes 21 formed 
in the porous ceramic member 20 has either of its ends on the 

30 inlet-side or outlet-side of exhaust gases sealed with a plug 
22; thus, exhaust gases that have entered one of the through 
holes 21 are allowed to flow out of another through hole 23 after 
always passing through the partition wall 23 that separates the 
corresponding through holes 21. 

35 The sealing material layer 13 is provided so as to prevent 
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exhaust gases from leaking from the circumferential portion of 
the ceramic block 15, when the honeycomb filter 10 is installed 
in an exhaust passage of an internal combustion engine. Here, 
the present inventor has found that by forming the sealing 
5 material layer 13 on the circumferential portion of the ceramic 
block, the strength and the like of the honeycomb filter can 
be improved, and that in comparison with the structure in which 
no sealing material layer 13 is formed, it becomes possible to 
reduce wind erosion at the crisscross portion of the sealing 

10 material layer . This is because , when the sealing material layer 
13 is formed on the circumferential portion of the ceramic block, 
a compressing force is exerted inward over the entire honeycomb 
filter so that the crisscross portion between the sealing 
material layer is compressed harder and solidified; thus, it 

15 becomes possible to improve the durability against wind erosion 
and cracks, and also to strengthen the durability against 
vibration. 

Therefore, the honeycomb filter of the present invention 
optimizes the formation conditions of the sealing material layer 

20 in order to reduce wind erosion occurring on the crisscross 
portion of the sealing material layer, in the structure in which 
the sealing material layer is formed on the circumferential 
portion of the ceramic block. 

In the honeycomb filter of the present invention, on a 

25 cross section perpendicular to the length direct ion of the porous 
ceramic member of the ceramic block (hereinafter, also simply 
referred to as a cross section of the ceramic block) , the maximum 
width L (mm) of the crisscross portion of the sealing material 
layer is made 1 . 5 to 3 times greater than the minimum width 1 

30 (mm) of the sealing material layer. 

Here, in the honeycomb filter of the present invention, 
the above-mentioned "crisscross portion of the sealing material 
layer" refers to: a region except for regions in which the seal ing 
material layer is sandwiched by circumferential portions of the 

35 adjacent porous ceramic members, said portions are in parallel 
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with each other on a cross section of the ceramic block of the 
honeycomb filter of the present invention. 

In the case where the maximum width L of the crisscross 
portion of the sealing material layer is less than 1.5 times 
5 the minimum width 1 of the sealing material layer, exhaust gases 
are excessively concentrated on the crisscross portion, so that 
a great thermal stress tends to be exerted thereon, thereby 
forming a big depression at the crisscross portion. When the 
honeycomb filter having such a problem is used for a long time, 

10 a large amount of particulates are accumulated in this big 
depression, with the result that a great thermal stress is exerted 
during a regenerating process of the honeycomb filter to cause 
cracks in the sealing material layer. 

Moreover, the sealing material layer is not completely 

15 a solid body, and exhaust gases are allowed to flow into the 
sealing material layer; therefore, when the maximum width L of 
the crisscross portion of the sealing material layer becomes 
3 times greater than the minimum width 1 of the sealing material 
layer, the amount of exhaust gases flowing into the crisscross 

20 portion increases during operation of the honeycomb filter to 
cause a great thermal stress on the crisscross portion, with 
the result that a big depression is formed and cracks tend to 
occur. In the case of a honeycomb filter in which the maximum 
width L of the crisscross portion of the sealing material layer 

25 becomes 3 times greater than the minimum width 1 of the sealing 
material layer, the area on its end face, which is capable of 
purifying exhaust gases, decreases resulting in degradation in 
the exhaust gas purifying effects. 

Therefore, in the honeycomb filter of the present invention, 

30 the maximum width L of the crisscross portion of the sealing 
material layer is made 1 . 5 to 3 times greater than the minimum 
width 1 of the sealing material layer so that , even when a sealing 
material layer is formed on the circumferential portion of the 
ceramic block, it becomes possible to prevent a great thermal 

35 stress from exerting on the crisscross portion of the sealing 



11 

material layer, and consequently to prevent occurrence of a big 
depression due to wind erosion. 

Moreover, with respect to the shape of the honeycomb filter 
of the present invention, not limited to a cylindrical shape 
5 as shown in Fig. 1, for example, any desired shapes, such as 
an elliptical columnar shape and a rectangular columnar shape, 
may be proposed. In particular, the shape, such as the 
cylindrical shape and the elliptical columnar shape, with a 
curved face on the circumferential face in the length direction 

10 is preferably used. Normally, the exhaust passage of an internal 
combustion engine in which a honeycomb filter for purifying 
exhaust gases is installed has a shape that is expanded into 
a cone shape (tapered shape) immediately before the filter; 
therefore, all the exhaust gases are not allowed to flow in 

15 parallel with the filter, and various flows are generated in 
a space immediately before the filter, and allowed to flow into 
the filter. In this case, when the shape of the honeycomb filter 
of the present invention is not a rectangular columnar shape, 
but a shape in which the circumferential face in the length 

20 directionhas a curved face , the flows of exhaust gases are allowed 
to easily form vortexes in the direction of the cross section 
of the filter so that the exhaust gases are easily made to flow 
into the filter in a spiral state; thus, it becomes possible 
to easily collect particulates evenly, and to evenly distribute 

25 wind erosion as a whole so as to be reduced, without being 
concentrated on the crisscross portion. Moreover, in the case 
where a catalyst or a catalyst supporting film is applied to 
the sealing material layer of the honeycomb filter of the present 
invention, the sealing material layer tends to be formed unevenly 

3 0 to cause degradation in the sealing property and the adhesive 
property, as will be described later; however, in the filter 
in which the circumferential face in the length direction has 
a curved face, a drying process can be carried out evenly in 
comparison with a filter having a rectangular columnar shape, 

35 thereby making it possible to prevent the sealing material layer 
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from being unevenly formed. 

Fig 6(a) is a partial enlarged cross-sectional vxew that 

schematically shows one example of a conventional honeycomb 
filter with a sealing material layer being formed on the 
circumferential portionof a ceramic block; Fig. 6(b) isapartxal 
enlarged cross-sectional view that schematically shows another 
example of a conventional honeycomb filter with a sealing 
material layer being formed on the circumferential portxon of 
a ceramic block; and Fig. 6(c) is a partial enlarged 
cross-sectional view that schematically shows still another 
example of a conventional honeycomb filter with a sealxng 
material layer being formed on the circumferential portxon of 

a ceramic block. t 

As shown in Figs. 6, in the conventional honeycomb fxlter 
with a sealing material layer being formed on the circumf erentxal 
portionof a ceramic block, each of a crisscross portion 61 (Fig. 
6(a)) and a crisscross portion 610 (Fig. 6(b)) is square in the 
cross section of the ceramic block, and the maximum width L 
of each of the crisscross portions 61 and 610 of these honeycomb 
filters is always 2 1 ' 2 times greater than the minimum wxdth 1' 
of the sealing material layer, and a crisscross portion 611 (Fig. 
6 (c) ) is equilateral triangle in the cross section of the ceramxc 
block, and the maximum width L' of the crisscross portxon 611 
of this honeycomb filter is always 1 time of the minimum wxdth 
1' of the sealing material layer. 

in other words, in any of the crisscross portions 61, 610 
and 611 of the conventional honeycomb filters each having a 
sealing material layer on the circumferential portion of a 
ceramic block shown in Figs. 6, the maximum width L< of each 
■ of the crisscross portions of the sealing material layer xs less 
than 1 . 5 times the minimum width 1 • of the sealing material layer, 
thus failing to satisfy the relationship between the maximum 
width L of the crisscross portion of the sealing material layer 
and the minimum width 1 of the sealing material layer xn the 
5 honeycomb filter of the present invention. 
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Therefore, in the present invention, in the case where 
the cross section in the length direction of the porous ceramic 
member constituting the honeycomb filter has a shape, such as 
square, rectangular and right hexagon, in the same manner as 
5 the conventional honeycomb filters eachhaving a sealingmaterial 
layer on the circumferential portion of a ceramic block, a 
chamfering process is carried out on each of corner portions 
of the circumferential portion of the porous ceramic member, 
as shown in Figs. 3(a) to 3(c) so that the maximum width L of 

10 the crisscross portion of the sealing material layer is made 
1 . 5 to 3 times greater than the minimum width 1 of the sealing 
material layer. 

Fig. 3 (a) is a partial enlarged cross-sectional view that 
schematically shows one example of a cross section of a ceramic 

15 block 15 constituting the honeycomb filter 10 of the present 
invention shown in Figs . 1 and 2 ; Fig . 3 (b) is a partial enlarged 
cross-sectional view that schematically shows another example 
of a cross section of a ceramic block constituting the honeycomb 
filter of the present invention; and Fig. 3(c) is a partial 

20 enlarged cross-sectional view that schematically shows still 
another example of a cross section of a ceramic block constituting 
the honeycomb filter of the present invention. 

Here, in the following description of Figs. 3 (a) to 3 (c) , 
a portion corresponding to the circumference of the porous 

25 ceramic member in the cross section perpendicular to the length 
direction of the porous ceramic member is simply referred to 
as a circumference, and a portion corresponding to an R face 
(C face) formed on each of corner portions of the circumference 
of the porous ceramic member on the cross section perpendicular 

30 to the length direction of the porous ceramic member is simply 
referred to as an R face (C face) . 

Moreover, in Figs . 3(a) to 3 (c) , through holes , partition 
wall and the like, formed in the porous ceramic member, are not 
shown . 

3 5 In a honeycomb filter 10 of the present invention shown 
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in Fig. 3(a) , the cross sectional shape that is perpendicular 
to the length direction of a porous ceramic member 2 0 is almost 
square or rectangular with R-chamf ered face being formed on each 
of the corner portions on the circumference, and a crisscross 
5 portion 11 corresponds to: an area except for each of the areas 
at which the sealing material layer 14 is sandwiched by portions 
of circumferences, said portions are mutually in parallel with 
each other, of the adjacent four porous ceramic members 20; that 
is, an area formed by sectioning the sealing material layer 14 

10 by lines each of which is formed by connecting the ends of R 
faces closer to each other among the R faces formed on corner 
portions of the circumference of each of two adjacent porous 
ceramic members 2 0 in the lateral direction as well as in the 
longitudinal direction . 

15 Therefore, as shown in Fig. 3(a) , the maximum width L x 

(mm) of this crisscross portion 11 corresponds to a distance 
between farther ends of opposing R faces of the porous ceramic 
members 2 0 diagonally adjacent to each other, and, more 
specifically, supposing that the minimum width of the sealing 

20 material layer 14 is li (mm) and that the size of the chamfered 
face is R x (mm) , this distance is calculated from Equation 1. 

Equation 1 

25 L =7 (8i+2xR,) 2 +3, 2 ... (1) 

Moreover, in the honeycomb filter of the present invention 
shown in Fig. 3(b), the cross sectional shape that is 

3 0 perpendicular to the length direction of a porous ceramic member 
200 is almost square or rectangular with C-chamfered face being 
formed on each of the corner portions on the circumference, and 
a crisscross portion 110 corresponds to: a region except for 
each of the regions at which the sealing material layer 140 is 

35 sandwiched by portions of circumferences, said portions are 
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mutually in parallel with each other, of the adj acent four porous 
ceramic members 2 00; that is, a region formed by sectioning the 
sealing material layer 14 0 by lines each of which is formed by 
connecting the ends of C faces closer to each other among the 
5 C faces formed on corner portions of the circumference of each 
of two adjacent porous ceramic members 200 in the lateral 
direction as well as in the longitudinal direction. 

Therefore, as shown in Fig. 3(b), the maximum width L 2 
(mm) of this crisscross portion 110 corresponds to a distance 
10 between farther ends of opposing C faces of the porous ceramic 
members 2 00 diagonally adjacent to each other and, more 
specifically, supposing that the minimum width of the sealing 
material layer 140 is 1 2 (mm) and that the size of the chamfered 
face is C (mm), this distance is calculated from Equation 2. 

15 

Equation 2 

L 2 =7 (Q2+2xC) 2 +82 2 ■ ■ ■ (2) 

20 

Moreover, in the honeycomb filter of the present invention 
shown in Fig. 3(c), the cross sectional shape that is 
perpendicular to the length direction of a porous ceramic member 
2 01 is an almost right hexagon with R-chamf ered face being formed 

25 on each of the corner portions on the circumference, and a 
crisscross portion 111 corresponds to: a region except for each 
of the regions at which the sealing material layer 141 is 
sandwiched by portions* of circumferences, said portions are 
mutually in parallel with each other, of the adj acent three porous 

30 ceramic members 201; that is, a region formed by sectioning the 
sealing material layer 141 by lines each of which is formed by 
connecting the ends of R faces closer to each other among the 
R faces formed on the circumference of each of two adj acent porous 
ceramic members 2 01. 

35 Therefore, as shown in Fig. 3(c), the maximum width L 3 
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(mm) of this crisscross portion 111 corresponds to a distance 
between farther ends of R faces of the porous ceramic members 
200 adjacent to each other and, more specifically, supposing 
that the minimum width of the sealing material layer 141 xs 1, 
(mm) and that the size of the chamfered face is R 2 (mm) , thxs 
distance is calculated from Equation 3. 



Equation 3. 

Ls = Q3+R2 ■ ■ ■ (3) 

in the honeycomb filters of the present invention shown 
in Figs. 3(a) to 3(c) , the size of each of the chamfered face 
Rl C and R 2 is adjusted so that the maximum width L (I* to L 3 ) 
of' each of the crisscross portions 11, 110 and 111 is made 1.5 
to 3 times greater than the minimum width 1 (lx to 1 3 ) of each 
of the sealing material layers 14, 140 and 141. 

For example, in the honeycomb filter shown in Fig. 3 (a) , 
in the case where the above-mentioned lx is 1.0 mm, the 
above-mentioned Lx is set from 1 . 5 to 3 . 0 mm by adjusting the 
size Hx of the chamfered face in a range from 0.059 to 0 . 91 mm, 

based upon Equation (1) . 

Moreover, for example, in the honeycomb filter shown in 
Fig 3(b) , in the case where the above-mentioned 1 2 is 1.0 mm, 
the above-mentioned L 2 is set from 1 . 5 to 3 . 0 mm by adjusting 
the size C of the chamfered face in a range from 0.059 to 0.91 
mm, based upon Equation (2) . 

Furthermore, for example, in the honeycomb filter shown 
in Fig 3(c) , in the case where the above-mentioned 1, is 1.0 
mm, the above-mentioned L 3 is set from 1 . 5 to 3 . 0 mm by adjusting 
the size R 2 of the chamfered face in a range from 0 . 5 to 2 . 0 
mm, based upon Equation (3) . 

Here, in the honeycomb filter of the present invention, 
when the cross-sectional shape perpendicular to the length 
direction of the porous ceramic member is square or rectangular, 
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with a chamfered face being formed on each of corners of the 
circumference, the above-mentioned porous ceramic members are 
not necessarily combined with one another in an evenly aligned 
manner in the longitudinal direction as well as in the lateral 
5 direction as shown in Fig . 3(a) or Fig . 3 (b) , and may be combined 
with one another in an offset state in the longitudinal direction 
or in the lateral direction. 

Fig. 4 (a) is a partial enlarged cross-sectional view that 
schematically shows one example of a cross section of each of 

10 ceramic blocks that constitute a honeycomb filter in whichporous 
ceramic members are combined with one another in an offset state 
in the lateral direction. 

Here, in the following description for Fig. 4(a), on a 
cross section perpendicular to the length direction of the porous 

15 ceramic member, a portion corresponding to the circumferential 
portion of the porous ceramic member is simply referred to as 
a circumference, and on the cross section perpendicular to the 
length direction of the porous ceramic member, a portion 
corresponding to an R-chamfered face formed on each of corners 

2 0 on the circumference of the porous ceramic member is simply 
referred to as an R face. 

Moreover, in Fig. 4(a) , through holes , partition wall and 
the like formed in the porous ceramic member are not shown. 

In a honeycomb filter of the present invention shown in 

25 Fig. 4(a) , the cross sectional shape that is perpendicular to 
the length direction of a porous ceramic member 2 02 is almost 
square or rectangular with R-chamfered face being formed on each 
of the corner portions on the circumference, and a crisscross 
portionll2 corresponds to: a region except for eachof the regions 

30 at which the sealing material layer 142 is sandwiched by portions 
of circumferences, said portions are mutually in parallel with 
each other, of the adjacent three porous ceramic members 202; 
that is , a region formed by sectioning the sealing material layer 
142 by lines each of which is formed by connecting the ends of 

35 R faces closer to each other among the R faces formed on the 
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circumferences of two adjacent porous ceramic members 2 02 in 
the lateral direction and two perpendiculars that are drawn from 
the farther ends of the R faces toward the circumference of another 
adjacent porous ceramic members 2 02. 
5 Therefore, as shown in Fig. 4(a), the maximum width L 4 

(mm) of this crisscross portion 112 corresponds to a distance 
from the end of the R face of the porous ceramic member 2 02 that 
forms a starting point of one of the perpendiculars to a point 
at which the other perpendicular is made in contact with the 
10 circumference of the porous ceramic member 202 and, more 

specifically, supposing that the minimum width of the sealing 
material layer 142 is 1 4 (mm) and that the size of the chamfered 
face is R 3 (mm) , this distance is calculated from Equation 4. 

15 Equation 4 

l_4=V (84+2xR 3 ) 2 +Q 4 2 ■ ■ ■ (4) 

20 In the honeycomb filter of the present invention as shown 

in Fig. 4(a) , the size of the chamfered face R 3 is adjusted so 
that the maximum width L 4 of the crisscross portion 112 is made 
1 . 5 to 3 times greater than the minimum width 1 4 of the sealing 
material layer 142 . 

25 More specifically, for example, in the case where the 

above-mentioned 1 4 is 1.0 mm, the above-mentioned L 4 is set from 
1.5 to 3.0 mm by adjusting the size R 3 of the chamfered face 
in a range from 0.059 to 0.91 mm, based upon Equation (4) . 

Moreover, in the honeycomb filter of the present invention, 

30 the cross-sectional shape in the length direction of the porous 
ceramic member may be a rhombic shape or a triangular shape, 
as shown in Figs. 4(b) and 4(c). 

Fig. 4 (b) is a partial enlarged cross-sectional view that 
schematically shows one example of the cross section of a ceramic 

35 block that constitutes a honeycomb filter of the present 
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invention, and Fig. 4(c) is a partial enlarged ^ cross 

view Chat schematically shows another example of the cross 

section of a ceramic block that constitutes a honeycomb filter 

of the present invention. 

Here, in the following description for Figs . 4 ( b, and4(c) , 

on a cross section perpendicular to the length direction of the 
porous ceramic member, a portion corresponding to the 
circumferential portion of the porous ceramic member is simply 
referred to as a circumference. 

Moreover, inFigs. 4,b, and4(c, , throughholes, partition 
wall and the like formed in the porous ceramic member are not 

Sh ° Wn 'm the honeycomb filter of the present invention shown 

in Fig. 4(b) , a plurality of porous ceramic members 203 each 

ha ving a rhonfcic shape in the cross section perpendicular to 

The length direction, are combined with one another through 

sealing material layer 143, and a crisscross portion 113 

oorresPonds to: a region except for each of the regions at which 

th e sealing material layer 143 is sandwiched 
circumferences, saidportionsare^tually inparallelwitb each 

other, of the adjacent four porous ceramic members 203, that 

Is a region having a rhcrfcic shape formed by sectioning the 
ailing material layer 143 by lines each of which is f ormed b 

connecting the corners of the circumference of each of the four 

adjacent porous ceramic 

Therefore, as shown in Fig. 4(b), tne ma 
(nun) of this crisscross portion 113 corresponds to the , longer 
of the diagonal lines of the rhombic crisscross portion 113 and, 
more specifically, supposing that the minimum width of the 
, sealing material layer 143 is Is (mm, and that , on a cross section 
TerPendicular to the length direction of the porous cerac 
Ltoer 203, the angle of an acute apex is a, this width is 
calculated from Equation 5. 



3 5 Equation 5 
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1.5= ~k— J 2(1+COSOf) • ■ ■ (5) 

s i n a 

5 In the honeycomb filter of the present invention as shown 

in Fig. 4 (b) , the angle a of the acute apex on the cross section 
perpendicular to the length direction of the porous ceramic 
member 2 03 is adjusted so that the maximum width L 5 of the 
crisscross portion 113 is made 1 . 5 to 3 times greater than the 

10 minimum width 1 5 of the sealing material layer 143. 

More specifically, for example, in the case where the 
minimum width 1 5 of the sealing material layer 143 is 1.0 mm, 
the maximum width L 5 of the crisscross portion 113 is set from 
1.5 to 3.0 mm by adjusting the angle a of the acute apex of 

15 the porous ceramic member 203 in a range from 38.9 to 83.6°, 
based upon an equation, cosa = 1 - 21 5 2 /L 5 2 , obtained by 
transforming Equation (5) . 

Here, in the honeycomb filter shown in Fig. 4(b), with 
respect to corner portions on the circumference of the porous 

20 ceramic member 203, providing chamfered faces such as an 
R-chamfered face and a C-chamfered face thereon is not an 
indispensable feature; however, when the corner port ions on the 
circumference of the porous ceramic member 203 are pointed, a 
thermal stress is concentrated and exerted on these portions 

25 to easily cause cracks so that it is desirable to provide the 
chamfered faces. 

In a honeycomb filter of the present invention shown in 
Fig. 4(c) , a plurality of porous ceramic members 204 each of 
which has a triangular cross section perpendicular to the length 

3 0 direction are combined with one another through sealing material 
layer 144, and a crisscross portion 114 corresponds to: an area 
except for each of the areas at which the sealing material layer 
144 is sandwiched by portions of circumferences, said portions 
are mutually in parallel with each other, of the adjacent six 

35 porous ceramic members 2 04 ; that is, a right hexagonal area formed 
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by sectioning the sealing material layer 144 by lines each of 
which is formed by connecting the corner portions on the 
circumference of each of six adjacent porous ceramic members 
204 . 

5 Therefore, as shown in Fig. 4(c), the maximum width L 6 

(mm) of this crisscross portion 114 corresponds to a distance 
between the corner portions of the porous ceramic members 2 04 
that diagonally face each other through the crisscross portion 
114 and, more specifically, supposing that the minimum width 
10 of the sealing material layer 144 is 1 6 (mm) , this distance is 
calculated from Equation 6. 

Equation 6 

Le = 2x Q 6 ■ ■ ■ (6) 

In the honeycomb filter of this type shown in Fig. 4 (c) , 
the maximum width L 6 of the crisscross portion 114 is always 
made 2 times greater than the minimum width 1 6 of the sealing 
20 material layer 144. 

More specifically, for example, in the case where the 
minimum width 1 6 of the sealing material layer 144 is 1.0 mm, 
the above-mentioned L 6 is set to 2 . 0 mm based upon Equation (6) . 

Here, in the honeycomb filter shown in Fig. 4(c), with 

2 5 respect to corner portions on the circumference of the porous 

ceramic member 204, providing chamfered faces such as an 
R-chamfered face and a C-chamfered face thereon is not an 
indispensable feature; however, when the corner port ions on the 
circumference of the porous ceramic member 204 are pointed, a 

3 0 thermal stress is concentrated and exerted on these portions 

to easily cause cracks so that it is preferable to provide the 
chamfered faces. 

As described above, in the honeycomb filter of the present 
invention, providing chamfered faces on the corner portions of 
3 5 the circumference of the porous ceramic member is not an 



indispensable feature, and depending on the shape, o ,orc~ 
section perpendicular to the length direction o£ the porous 
ceramic l*Lr. " i- not necessary to provide chaffered faces 
on the corner portions on the circumference. 

Here JP Kokai 2001-96117 has disclosed a ceramic filter 
aggregated body in which each of corner portions on the 
circumferential face of a honeycomb filter has an R face of 0.3 

" ^Moreover, JP Kokai 2001-190916 has disclosed a honeycomb 
s tructural body in which each of corner portions on a cross 
.ectional shape of each honeycomb segment is rounded with a 
curvature radius of 0.3 mm or more, or has a chamfered face of 

0.5 mm or more . 

The ceramic filter aggregated body and the honeycomb 
structural body described in these publications are P-"ally 
in common with the honeycomb filter of the present 
in that corner portions on the circumference of the honeycomb 
filter and the honeycomb segment are rounded or have chamfered 
faces; however, these publications neither describe a struc t 
inwhicha sealing material layer is formed on the circumferential 
portion, nor define a relationship between the maxrmum width 
L of a crisscross portion of the sealing material layer and the 
minimum width 1 of the sealing material layer on a cross section 
of a ceramic block that constitutes a honeycomb filter. 

in other words, the inventions described in the 
above-mentioned publications are different from the honeycomb 
filter of the present invention in the structure thereof and 
the novelty and inventive step of the honeycomb filter of the 
present invention are not inhibited by these publication^ 
, in the honeycomb filter of the present invention, although 

' not particularly limited, the maximum width L (mm) of the 
crisscross portion of the sealing material layer on the cross 
section of the ceramic block is desirably set in . .ran ge fro* 
0 2 to 9 mm. When it is less than 0.2 mm, the thickness of the 
5 sealing material layer becomes very thin, the porous ceramic 
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members are not preferably combined with one another. In 
contrast, when it exceeds 9 mm, the thickness of the sealing 
material layer becomes very thick, resulting in the necessity 
of providing a very large honeycomb filter in an attempt to 
5 sufficiently ensure the permeation-capable range of the 
honeycomb filter. 

In the honeycomb filter of the present invention, the 
material for the porous ceramic member is not particularly 
limited, and examples thereof may include : nitride ceramics such 

10 as aluminum nitride, silicon nitride, boron nitride, titanium 
nitride and the like, carbide ceramics such as silicon carbide, 
zirconium carbide , titanium carbide , tantalum carbide , tungsten 
carbide and the like , and oxide ceramics such as alumina , zirconia, 
cordierite, mullite and the like. In particular, silicon 

15 carbide, which is superior in mechanical strength and has high 
heat resistance and high thermal conductivity, is desirably used . 
Here, silicon-containing ceramics in which metallic silicon is 
blended in the above-mentioned ceramics and ceramics that are 
combined by silicon and a silicate compound may be used. 

20 Although not particularly limited, the porosity of the 

porous ceramic member is desirably set in a range from 4 0 to 
80%. When the porosity is less than 40%, the honeycomb filter 
is more likely to generate clogging, while the porosity exceeding 
80% causes degradation in the strength of the porous ceramic 
.25 member, with the result that it might be easily broken. 

Here , the above-mentioned porosity can be measured through 
known methods such as a mercury press -in method, Archimedes 
method, a measuring method using a scanning electronic microscope 
(SEM) , and the like. 

3 0 The average pore diameter of the porous ceramic member 

is preferably set in a range from 5 to 100 p. The average pore 
diameter of less than 5 jam tends to cause clogging of particulates 
easily. In contrast, the average pore diameter exceeding 100 
|im tends to cause particulates to pass through the pores, with 

35 the result that the particulates cannot be collected, making 
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the honeycomb filter unable to function as a filter. 

.. ,k. icie size of ceramic particles 

With respect to the particle siz ,„,,„„„,, 
tobeuseduponmanuf securing the porous ceramic member, although 
lot Particularly limited, those which are less likely regenerate 
/hrfnKage inth/succeeding sinteringprocess aredesirab yused 
and for example, those particles , preparedby combining IOC parts 
by weight of powder having an average particle size from 0^3 
to 50 I with 5 to 65 parts by weight of powder having an average 
partite size from 0 . 1 to 1 . 0 Mm, are desirably used By Mixing 
ceramic powders having the above-mentioned respective particle 
sizes at the above-mentioned blending ratio, it is possible to 
manufacture a porous ceramic member. 

In the honeycomb filter of the present invention a 
plurality of these porous ceramic members are combined with one 
Ino her through sealing material layer to const itut, , a ceramic 
block, and a sealing material layer is also formed on the 
circumference portion of this ceramic block. 

in other words, in the honeycomb filter of the present 

, n -low^-r is formed between the 
invention, the sealing material layer is tor 
porous ceramic members as well as on the circumference of the 
ceramic block so that the sea! ing material iayer , formed between 
the Porous ceramic members, is allowed to function as adhesive 
ayer that combines the porous ceramic members with one another , 
an! in contrast, the sealing material iayer formed on the 
circumference of the ceramic block functions as a sealing 
m atari 1 that prevents exhaust gases from leak ing ^ £ 
circumference of the ceramic block, when the honeycomb filter 
of the present invention is installed in an exhaust passage of 
an internal combustion engine. 
, The material forming the sealing material layer is not 

' particularly limited, and examples thereof may include materials 
suchas an inorganic binder, an organic binder, inorganic fibers, 
innraanic particles and the like. 

"ere in the honeycomb filter of the present invention, 
S the sealing material layer is formed between the porous ceramic 
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members as well as on the circumference of the ceramic block 
as described earlier, and the respective sealing material layer 
may be made of the same material, or may be made of different 
materials. In the case where the respective sealing material 
5 layer is made of the same material, the blending ratio of the 
materials may be the same or different. 

Examples of the inorganic binder may include silica sol, 
alumina sol and the like. Each of these may be used alone or 
two or more kinds of these may be used in combination. Among 

10 the inorganic binders, silica sol is more desirably used. 

Examples of the organic binder may include polyvinyl 
alcohol, methyl cellulose, ethyl cellulose, carboxymethyl 
cellulose and the like. Each of these may be used alone or two 
or more kinds of these may be used in combination. Among the 

15 organic binders , carboxymethyl cellulose is more desirably used . 

Examples of the inorganic fibers may include ceramic fibers 
such as silica-alumina, mullite, alumina, silica and the like. 
Each of these may be used alone or two or more kinds of these 
may be used in combination. Among the inorganic fibers, 

20 silica-alumina fibers are desirably used. 

Examples of the inorganic particles may include carbides, 
nitrides and the like, and specific examples thereof may include 
inorganic powder or whiskers made of silicon carbide, silicon 
nitride, boron nitride and the like. Each of these may be used 

25 alone, or two or more kinds of these may be used in combination. 
Among the inorganic fine particles, silicon carbide having 
superior thermal conductivity is desirably used. 

Moreover, a catalyst is desirably applied to the honeycomb 
filter of the present invention. When such a catalyst is 

30 supported thereon, the honeycomb filter of the present invention 
functions as a filter capable of collecting particulates in 
exhaust gases , and also functions as a catalyst supporting member 
for purifying CO, HC, NOx and the like contained in exhaust gases . 

With respect to the catalyst, not particularly limited 

3 5 as long as it can purify CO, HC, NOx and the like in exhaust 
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gases , examples thereof may include noble metals such as platinum, 
palladium, rhodium and the like . In addition to the noble metals , 
an element such as an alkali metal (Group 1 in Element Periodic 
Table) , an alkali earthmetal (Group 2 in Element Periodic Table) , 
5 a rare -earth element (Group 3 in Element Periodic Table) and 
a transition metal element, may be added thereto. 

Moreover, upon applying the catalyst onto the honeycomb 
filter of the present invention, it is preferable to apply the 
catalyst , after the surface thereof hasbeenpreliminarily coated 

10 with a catalyst supporting film. This arrangement makes it 
possible to increase the specific surface area, to increase the 
degree of dispersion of the catalyst, and consequently to 
increase the reactive portion of the catalyst. Here, since the 
catalyst supporting film also prevents sintering of the catalyst 

15 metal, the heat resistance of the catalyst can be improved. In 
addition, the pressure loss is also lowered. 

With respect to the catalyst supporting film, not 
particularly limited as long as it has a high specific surface 
area, for example, a film made of a material such as alumina, 

20 zirconia, titania, silica and the like may be used. 

Here, the above-mentioned catalyst may be applied to the 
porous ceramic member, or may be applied to the sealing material 
layer. In the same manner, the above-mentioned catalyst 
supporting film may be applied to the porous ceramic member, 

2 5 or may be applied to the sealing material layer . In other words , 

the above-mentioned catalyst and catalyst supporting film may 
be applied to the entire honeycomb filter of the present invention, 
or are not necessarily applied to the entire honeycomb filter 
of the present invention. 

3 0 With respect to the method for applying the above-mentioned 

catalyst and the above-mentioned catalyst supporting film to 
the honeycomb filter of the present invention, not particularly 
limited, for example: after a catalyst or a catalyst supporting 
film has been applied to each porous ceramic member by a method 
3 5 in which each porous ceramic member is immersed in a slurry 
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solution (dispersion solution) and dried or by using a sol-gel 
method or the like, the porous ceramic members are formed into 
a ceramic block may be used; a method in which each ceramic block 
is immersed in a slurry solution and dried or a method in which 
5 acatalyst or acatalyst supporting f ilmis applied to eachceramic 
block by using a sol -gel method; or the like may be used. In 
the former method, the catalyst and the catalyst supporting film 
are not applied to the sealing material layer. In the latter 
method, the catalyst and the catalyst supporting film are applied 
10 to the sealing material layer. 

With respect to the slurry solution, not particularly 
limited, as long as it contains materials to form the catalyst 
and the catalyst supporting film, or contains raw materials 
thereof, for example, a dispersion solution, prepared by 

15 dispersing y-Al 2 0 3 powder in a solvent, is used in the case of 
forming a catalyst supporting film made of alumina. 

Here, in the case of manufacturing the honeycomb filter 
of the present invention having a rectangular columnar shape 
by using the method for applying a catalyst and a catalyst 

2 0 supporting film to a ceramic block, the sealing material layer 

tends to become uneven, resulting in degradation in the sealing 
property and adhesive property. This is presumably caused by 
the following reasons: since the ceramic block is constituted 
by the porous ceramic member and the sealing material layer, 
25 that are different in compositions, with the porous ceramic 
member and the sealing material layer having mutually different 
absorbing rates for the solvent ; therefore , in the drying process 
in the method in which it is immersed in a slurry solution and 
dried or the sol -gel method, a contact portion (surface layer 

3 0 portion) between the sealing material layer and the porous 

ceramic member at corner portions is abruptly dried so that the 
solvent is abruptly drawn from a portion of the sealing material 
layer that is not made in contact with the porous ceramic member 
(inner layer portion) at corner portions, with the result that 
35 voids occur in the inner layer portion of the sealing material 
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layer at the corner portions to cause deviations in the density 
distribution in the sealing material layer. 

The above-mentioned honeycomb filter of the present 
invention in which a catalyst is supported is allowed to function 
5 as a gas purifying device in the same manner as the conventionally 
known DPFs (Diesel Particulate Filters) with catalyst. 
Therefore, the detailed description of the case in which the 
honeycomb filter of the present invention also serves as a 
catalyst supporting member will not be given herein. 

10 As described above, the honeycomb filter of the present 

invention is designed so that, on a cross section perpendicular 
to the lengthdirectionof the porous ceramic member of the ceramic 
block, the maximum width L (mm) of the crisscross portion of 
the sealing material layer is 1.5 to 3 times greater than the 

15 minimum width 1 (mm) of the sealing material layer. 

Therefore, in the honeycomb filter of the present invention, 
the crisscross portion in the sealing material layer is less 
likely to suffer from concentrated wind erosion due to exhaust 
gases during the operation, and the amount of exhaust gases to 

20 flow into the crisscross portion is also reduced; therefore, 
even after the honeycomb filter has been used repeatedly for 
a long time, it is possible to prevent a big depression from 
being formed in the crisscross portion of the sealing material 
layer, and also to prevent cracks from occurring due to a thermal 

25 stress caused by exhaust gases and the like to flow into the 
crisscross portion; thus, it becomes possible to make the 
honeycomb filter superior in durability. 

Next, description will be given of one example of a 
manufacturing method for the above-mentioned honeycomb filter 

30 of the present invention. Here, in the following description, 
it is supposed that the cross-sectional shape in the length 
direction of the porous ceramic member forming the honeycomb 
filter of the present invention has an almost square shape with 
R-chamfered faces formed on the corner portions on the 

35 circumference, as shown in Fig. 3(a) . Therefore, in the 
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following description, the manufacturing method win J- 

appropriately described with "^^^ L 

Upon manufacturing the honeycomb filter or cn p 
invention, first, a ceramic laminated body to for™ the ceramic 

bl ock 15 is menu has an almost recta ngular 
This ceramic laminated oouy 

v,-^ * Plurality of columnar porous 
i^mn«T- qtructure m which: a piurdnuy 
II ITc meters 2 0 are combined with one another through sealing 
ceramic me ceramic members 

TavII nXe of through holes placed in parallel with one 
I her in the length direction with partition wall interposed 
r^etween aud Ling chamfered faces on the circumference 

and a dispersant solution are added to the apo 
oeramic powder to prepare a mixed composition 

The above-mentioned binder is not particularly limited, 
and examples thereof may include methylcellulose, carboxy 
:«hylcellulose, hydroxy ethylcellulose, polyethylene glycol , 
phenol resins, epoxy resins and the like. 

Normally, the blend ratio of the " 
is desirably set to about 1 to 10 parts by weight to 100 parts 
by weight of ceramic powder. 

The above-mentioned dispersant solution is not 
particularlylimited, andexamplesthereof mayincludeanc, g a c 
solvent such as benzene, alcohol such as methanol, and water, 

'^appropriate amount of the above-mentioned dispersant 
solution is blended so that the viscos ity of the mixed composit ion 

« i= set in a predetermined range. 

' These ceramic powder, binder and dispersant 

mi xed by an attritor or the like, and sufficiently kneaded by 
reader or the like, and then formed into a rectangular collar 
raw molded body through an extrusion-molding method or the like . 

5 Next, theabove-mentionedrawmoldedbodyisdriedbyusing 
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a microwave dryer or the like to form a ceramic dried body, and 
the circumference of the ceramic dried body is subjected to a 
chamfering process (R-chamfered face) . 

With respect to the size of the chamfered face, not 
5 particularly limited, the size is appropriately adjusted so that 
the maximum width L (mm) of the crisscross port ion of the sealing 
material layer formed between the porous ceramic members is 1 . 5 
to 3 times greater than the minimum width 1 (mm) of the sealing 
material layer on the cross section of the honeycomb filter after 

10 the manufacturing process. Here, instead of carrying out the 
chamfering process on the circumference of the ceramic dried 
body, the above-mentioned raw molded body may be formed so as 
to preliminarily shape the circumference into a chamfered state, 
upon extrusion-molding the raw molded body, or after carrying 

15 out degreasing and sintering processes to manufacture a sintered 
body, as will be described later, the corner portions of the 
circumference of the sintered body may be subjected to chamfering 
processes . 

Next, predetermined through holes of the ceramic dried 

2 0 body that has been subjected to the chamfering processes are 

filled with a mouth- sealing material (plug) so that a 
mouth-sealing process is carried out, and this is again dried 
through a microwave dryer or the like. 

With respect to the mouth-sealing material (plug) , not 
25 particularly limited, for example, the same material as the 
above-mentioned mixed composition may be used. 

Next, the raw molded body that has been subjected to the 
mouth-sealing process is subjected to a degreasing process by 
heating it to a temperature of 4 00 to 650°C in an oxygen- containing 

3 0 atmosphere; thus, the binder and the like are vaporized, 

decomposed and eliminated so that almost only the ceramic powder 
is allowed to remain. 

Next, the molded body that has been degreased is sintered 
by heating it at about 1400 to 22 00°C in an inert gas atmosphere 
3 5 such as nitrogen and argon so that a porous ceramic member 2 0 
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is manufactured. 

Next, a ceramic laminated body as shown in Fig. 5 is 
manufactured . 

In other words, porous ceramic members 2 0 are mounted on 
5 a base 3 0 the upper portion of which is designed to have a V- shape 
in its cross- section so as to allow the porous ceramic members 
20 to be stacked thereon in a tilted manner, and sealing material 
paste to form a sealing material layer 14 is then applied onto 
two side faces 2 0a and 2 0b facing upward with an even thickness 

10 to form a sealing material paste layer 31; thereafter, a 

laminating process for forming another porous ceramic member 
20 on this sealing material paste layer 31 is successively 
repeated so that a rectangular columnar ceramic laminated body 
having a predetermined size is manufactured. At this time, with 

15 respect to the porous ceramic members 2 0 corresponding to four 
corners of the ceramic laminated body, a triangular columnar 
porous ceramic member 20c, which is formed by cutting a 
quadrangular columnar porous ceramic member into two, is bonded 
to a resin member 32 having the same shape as the triangular 

2 0 columnar porous ceramic member 2 0c by using a both- sides tape 

with easy peelability to prepare a corner member , and these corner 
members are used for the four corners of the ceramic laminated 
body, and after the lamination processes of the porous ceramic 
members 20, all the resin members 32 forming the four corners 

25 of the ceramic laminated body are removed; thus, a ceramic 
laminated body having a polygonal columnar shape in its cross 
section may be formed. With this arrangement, it is possible 
to reduce the quantity of a waste corresponding to porous ceramic 
members to be disposed of, after the formation of the ceramic 

30 block by cutting the peripheral portion of the ceramic laminated 
body. 

With respect to a method for manufacturing the ceramic 
laminated body having a polygonal columnar shape in its cross 
section except for the method shown in Fig. 5, for example, a 

3 5 method in which the porous ceramic members to be located on four 
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corners are omitted and a method in which porous ceramic members 
having a triangular columnar shape are combined with one another 
may be used, in accordance with the shape of a honeycomb filter 
to be manufactured. Here, a quadrangular columnar ceramic 
5 member may of course be manufactured. 

Further, this ceramic laminated body is heated in a 

temperature range from 5 0 to 10 0°C for about 1 hour so that the 
sealing material paste layer is dried and solidified to form 
a sealing material layer 14; thereafter, by cutting the 

10 circumference portion thereof by using a diamond cutter or the 
like, a cylindrical ceramic block 15 is manufactured. 

The material for forming the sealing material layer 14 
is not particularly limited, and examples thereof may include 
the above-mentioned adhesive paste containing an inorganic 

15 binder, an organic binder, inorganic fibers and inorganic 
particles . 

Moreover, the above-mentioned sealing material paste may 
contain a small amount of moisture, solvent and the like, and 
most of these moisture, solvent and the like are scattered and 

20 evaporated through a heating process and the like after the 
coating process of the sealing material paste. 

Here , the lower limit of the content of the inorganic binder 
is desirably set to 1% by weight, more desirably 5% by weight 
on a solid component basis. In contrast, the upper limit of 

25 the content of the inorganic binder is desirably set to 3 0% by 
weight, more desirably 15% by weight , most desirably 9% by weight 
on a solid component basis . The content of the inorganic binder 
of less than 1% by weight tends to cause a reduction in the bonding 
strength, while the content exceeding 30% by weight tends to 

30 cause a reduction in the thermal conductivity. 

Here, the lower limit of the content of the organic binder 
is desirably set to 0 . 1% by weight , more desirably 0.2% by weight , 
most desirably 0.4% by weight on a solid component basis. In 
contrast, the upper limit of the content of the organic binder 

35 is desirably set to 5 . 0% by weight , more desirably 1 . 0% by weight , 
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most desirably 0.6% by weight on a solid component basis. The 
content of the organic binder of less than 0.1% by weight tends 
to cause a difficulty in suppressing migration of the sealing 
material layer 14; in contrast, in the case of the content 
5 exceeding 5.0% by weight, when the sealing material layer 14 
is exposed to high temperatures, the organic binder is burned 
and eliminated, resulting in a reduction in the bonding strength . 

The lower limit of the content of the inorganic fibers 
is desirably set to 10% by weight, more desirably 20% by weight 

10 on a solid component basis. In contrast, the upper limit of 
the content of the inorganic fibers is desirably set to 70% by 
weight, more desirably 4 0% by weight , most desirably 30% by weight 
on a solid component basis. The content of the inorganic fibers 
of less than 10% by weight tends to cause a reduction in elasticity 

15 and thermal conductivity, while the content exceeding 70% by 
weight tends to cause a reduction in thermal conductivity and 
degradation in effects as an elastic member. 

Here, the lower limit of the content of the inorganic 
particles is desirably set to 3% by weight, more desirably 10% 

20 by weight, most desirably 2 0% by weight on a solid component 
basis. In contrast, the upper limit of the content of the 
inorganic particles is desirably set to 80% by weight, more 
desirably 60% by weight, most desirably 40% by weight on a solid 
component basis . The content of the inorganic particles of less 

25 than 3% by weight tends to cause a reduction in thermal 

conductivity, while the content exceeding 80% by weight tends 
to cause a reduction inbonding strength when the sealing material 
layer 14 is exposed to high temperatures. 

Here, the lower limit of the shot content of the inorganic 

30 fibers is desirably set to 1% by weight, and the upper limit 
thereof is desirably set to 10% by weight, more desirably 5% 
by weight, most desirably 3% by weight. The lower limit of the 
fiber length is desirably set to 1 mm, and the upper limit thereof 
is desirably set to 100 mm, more desirably 50 mm, most desirably 

3 5 2 0 mm . 
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The shot content of less than 1% by weight is difficult 
to be achieved in the manufacturing, and the shot content 
exceeding 10% by weight tends to damage wall faces of the porous 
ceramic member 20. Moreover, the fiber length of less than 1 
5 mm makes it difficult to form a honeycomb filter having an 
appropriate elasticity, and in contrast, the fiber length 
exceeding 100 mm tends to form fibers into a pill shape , resulting 
in degradation in dispersion of inorganic particles and the 
subsequent difficulty in making the thickness of the sealing 

10 material layer 14 thinner. 

Here, the lower limit of the particle size of the inorganic 
particles is desirably set to 0.01 jam, more desirably 0.1 (am. 
In contrast , the upper limit of the particle size of the inorganic 
particles is desirably set to 100 |im, more desirably 15 \im, most 

15 desirably 10 jam. The particle size of inorganic particles of 
less than 0.01 jam tends to cause high costs, and in contrast, 
the particle size of inorganic particles exceeding 100 jam tends 
to cause degradation in bonding strength and thermal 
conductivity . 

2 0 In addition to the above-mentioned inorganic fibers, 

inorganic binder, organic binder and inorganic particles, the 
sealing material paste may contain about 35 to 65% by weight 
to the total weight of moisture and another solvent such as acetone 
and alcohol, in order to make the sealing material paste softer 

25 to provide proper f lowability so as to allow easy application, 
and the viscosity of the sealing material paste is desirably 
set in a range of 15 to 25 Pa * s (10000 to 20000 cps (cP) ) . 

Next , a sealing material forming process in which a sealing 
material layer 13 is formed on the circumference of the ceramic 

30 block 15 thus manufactured is carried out. 

In this sealing material forming process, first, the 
ceramic block 15 is rotated around an axis on which it is supported 
in the length direction . 

Although not particularly limited, the rotational speed 

35 of the ceramic block 15 is desirably set in a range from 2 to 
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10 min" 1 . 

Successively, sealing material paste is allowed to adhere 
to the circumference of the rotating ceramic block 15. With 
respect to the sealing material paste , not particularly limited, 
5 those described earlier may be used. 

Next , the sealing material paste layer thus formed is dried 
at about 12 0°C so that the moisture is evaporated to form a sealing 
material layer 13 , thereby completing the manufacturing 
processes of the honeycomb filter 10 of the present invention 

10 in which the sealing material layer 13 is formed on the 
circumference of the ceramic block 15 . 

With respect to the manufacturing method for the honeycomb 
filter of the present invention, the above description has 
discussed the honeycomb filter in which the porous ceramic member 

15 has a cross -sectional shape perpendicular to the length direction 
as shown in Fig. 3 (a) ; however, the cross -sectional shape of 
the porous ceramic member forming the honeycomb filter of the 
present invention is not intended to be limited by this structure , 
and, for example, the porous ceramic member may have 

20 cross-sectional shapes as shown in Figs. 3 (b) and 3 (c) or other 
cross-sectional shapes as shown in Figs. 4(a) to 4(c). 



BEST MODE FOR CARRYING OUT THE INVENTION 
Description will be given of the present invention in 
25 detail by means of examples; however, the present invention is 
not limited to these examples. 

(Example 1) 

(1) Powder of a-type silicon carbide having an average 
30 particle size of 5 jam ( 60% by weight ) and powder of p- type silicon 
carbide having an average particle size of 0 . 5 jam (40% by weight) 
were wet -mixed, and to 100 parts by weight of the result ing mixture 
were added and kneaded 5 parts by weight of an organic binder 
(methyl cellulose) and 10 parts by weight of water to obtain 
35 amixed composition . Next, after a slight amount of aplasticizer 
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and a lubricant have been added and kneaded therein, the resulting 
mixture was extrusion-molded so that a raw formed body was 
manufactured . 

Next, the above-mentioned raw formed body was dried by 
5 using a microwave drier to form a ceramics dried body, and 
R-chamfered faces are formed by cutting corner portions of the 
circumference of this ceramics dried body so that each of the 
corner portions is allowed to have an R face of R = 0.0059 mm. 

Thereafter, predetermined through holes were then filled 
10 with a paste having the same composition as the raw formed body, 
and after having been again dried by using a drier, this was 
degreased at 400°C, and sintered at 2200°C in a normal -pressure 
argon atmosphere for 3 hours to manufacture a column- shaped 
porous ceramic member, which was a silicon carbide sintered body, 
15 and had a size of 33 mm x 33 mm x 300 mm, the number of through 
holes of 31 pcs/cm 2 and a thickness of the partition wall of 
0 . 3 mm . 

(2) By using a heat resistant sealing material paste 
containing 3 0% by weight of alumina fibers having a fiber length 
20 of 0 . 2 mm, 21% by weight of silicon carbide particles having 

an average particle size of 0 . 6 (am, 15% by weight of silica sol, 
5.6% by weight of carboxymethyl cellulose and 28.4% by weight 
of water, the processes as explained by reference to Fig. 5 were 
carried out so that 25 (5 in longitudinal direction x 5 in lateral 

2 5 direction) porous ceramic members were combined with one another, 

and this was then cut by using a diamond cutter to form a 
cylindrical shaped ceramic block having 165 mm in diameter. 

In this case, the thickness of the sealing material layer 
used for combining the column- shaped porous ceramic members was 

3 0 adjusted to 0.1 mm. 

Next, ceramic fibers made from alumina silicate (shot 
content: 3%, fiber length: 0.1 to 100 mm) (23.3% by weight), 
which served as inorganic fibers, silicon carbide powder having 
an average particle size of 0 . 3 j^m (30.2% by weight ) , which served 
35 as inorganic particles, silica sol (Si0 2 content in the sol: 
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30% by weight) (7% by weight) , which served as an inorganic binder , 
carboxymethyl cellulose (0.5% by weight) , which served as an 
organic binder, and water (39% by weight) were mixed and kneaded 
to prepare a sealing material paste. 
5 Next, a sealing material paste layer having a thickness 

of 1 . 0 mm was formed on the circumferential portion of the ceramic 
block by using the above-mentioned sealing material paste. 
Further, this sealing material paste layer was dried at 120°C 
so that a cylindrical honeycomb structural body was manufactured . 

10 The cross -sectional shape of the ceramic block for the 

honeycomb filter according to Example 1 is almost the same as 
that shown in Fig. 3 (a) , and on the end face of the ceramic block, 
the maximum width L of each crisscross portion of the sealing 
material layer formed between the porous ceramic members was 

15 0.15 mm, the minimum width 1 of the sealing material layer was 

0. 10 mm, and the maximum width L of the crisscross portion was 

1 . 5 times greater than the minimum width 1 of the sealing material 
layer . 

20 (Examples 2 to 15, Comparative Examples 1 to 6) 

The same processes as (1) of Example 1 were carried out 
except that the size of the chamfered face R formed on each of 
the corner portions of the circumference of the ceramics dried 
body was set to each of values shown in Table 1 so that a porous 

2 5 ceramic member was manufactured. 

The same processes as (2) of Example 1 were carried out 
except that the above-mentioned porous ceramic member was used 
and that the thickness of the sealing material layer formed 
between the porous ceramic members was set to each of values 

3 0 as shown in Table 1 so that a honeycomb filter was manufactured. 

The cross-sectional shape of the ceramic block for each 
of the honeycomb filters according to Examples 2 to 15 was almost 
the same as that shown in Fig. 3 (a) . Here, on the end face of 
the ceramic block, the maximum width L of each crisscross portion 
35 of the sealing material layer formed between the porous ceramic 
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•^v, i of the sealing material layer, and 
members, the minimum width 1 ot tne seaj. a 

ZTrlte of the maximum width L of the crisscross portion o 
the —width 1 of the sealing material layer are respect rvely 



shown in Table 1 



> 

(Evaluation Test 1) . nat-alvst 

An alumina layer to form a base layer on which * «taly^ 
^-t- » rate of lq/L on each of the honeycomb 
is supported was affixed at a rate or 19/^ 

is suppo Examp ies 1 to 15 and Comparative Examples 

filters according to bxampics x , . 

0 to" ^pist-ss^ssscat^fotputi^^st 

gases was applied thereto at a rate of 2 g/L. Here _ the 
Iter-absorbing rate in the honeycomb filters 
Examples 1 to 15 and Comparative Examples 1 to 6 was , 
respeot to 100 g of the dried sealing materral, and 23 g 
5 respect to 100 g of the dried porous ceramic «"*«• 

Each of the honeycomb filters according to Examples 1 to 

i== i to 6 to which the catalyst had 
15 and comparative Examples 1 to 6, to wn 

been applied, was installed in an exhaust passage of an engrne , 
and the engine was driven at the maximum number of revolution 

20 (3700 rpm, 0 Nm) in a no load state for 100 hours. After the 
driving operation, each of the honeycomb filters was taxen out 
aid measurements were carried out to examine wind erosron =a need 
on each sealing material layer formed between th. .porous ^eramrc 
.embers with respect to the end face on the exhaust gas rnlet 

25 side. 

(Evaluation Test 2) filters 
After Evaluation Test 1, each of the honeycomb filters 
according to Examples 1 to 15 and Comparative Examples 1 to 

30 was placed in an exhaust passage of an engine, and exhaust gases 
were heated and allowed to flow therein so that a regenerating 
Access for burning and eliminating accumulated P^«£ 
Is carried out. After the regenerating process e t 
honeycomb filters was taken out, and examined as to whether or 

35 not Ly cracks occurred in the sealing material layer formed 



1 



39 

between the porous ceramic members on the end face on the exhaust 
gas inlet side. 

The same evaluation tests were carried out while the amount 
5 of addition of the alumina layer was changed to 2 0 g/L and 60 
g/L respectively. Here, the amount of application of the alumina 
layer was adjusted by altering the concentration of y-Al 2 0 3 in 
a dispersant solution prepared by dispersing powder of y-Al 2 0 3 
in 1 , 3 -butanediol and the number of immersing processes of the 
10 honeycomb filter into the dispersion solution. 

Table 1 and Fig . 7 show the results of the evaluation tests . 

Here, with respect to the results of Evaluation Test 1, 
Fig. 7 is a graph that shows the relationship between the rate 

15 (L/l) of the maximum width L of a crisscross portion of sealing 
material layer formed between porous ceramic members to the 
minimum width 1 of the sealing material layer and the depth of 
wind erosion at the crisscross portion of the sealing material 
layer, on the cross section of the ceramic block in each of the 

20 honeycomb filters according to Examples 1 to 15 and Comparative 
Examples 1 to 6 . 
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As shown in Table 1, in the honeycomb filters according 
to Examples 1 to 15 , in which the maximum width L of the crisscross 
portion of the sealing material layer formed between porous 
ceramic members is made 1 . 5 to 3 times greater than the minimum 
5 width 1 of the sealing material layer, the depth of wind erosion 
on each crisscross portion of the sealing material layer is 4 
mm or less so that the resulting depression is not so deep. 

In contrast, in the honeycomb filters according to 
Comparative Examples 1 to 6, in which the maximum width L of 

10 the crisscross portion of the sealing material layer formed 
between porous ceramic members is less than 1 . 5 times the minimum 
width 1 of the sealing material layer, or exceeds 3 times the 
minimum width 1 of the sealing material layer, the depth of wind 
erosion on each crisscross portion of the sealing material layer 

15 exceeds 4 mm so that there is a large depression on the crisscross 
portion of the sealing material layer. 

Moreover, in the honeycomb filters according to Examples 
1 to 15 , no cracks or the like were observed in the sealing material 
layer formed between the porous ceramic members after the 

2 0 regenerating process. 

In contrast, in the honeycomb filters according to 
Comparative Examples 1 to 6, cracks occurred on the end face 
on the exhaust gas inlet side, centered on the depression formed 
in the crisscross portion of the sealing material layer formed 

2 5 between the porous ceramic members. 

(Example 16) 

The same processes as Example 1 were carried out except 
that upon forming a ceramic block, instead of combining 5 (in 

30 longitudinal direction) x5 ( in lateral direction) porous ceramic 
members with one another so as to be cut into a cylindrical shape, 
3 (in longitudinal direction) x 6 (in lateral direction) porous 
ceramic members 3 were combined with one another to form an 
elliptical columnar shape with a major diameter of 198 mm and 

35 a minor diameter of 99 so that a honeycomb filter having an 
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elliptical columnar shape was manufactured. 

The cross-sectional shape of the ceramic block for the 
honeycomb filter according to Example 16 was almost the same 
as that shown in Fig. 3 (a) . Here, on the end face of the ceramic 
5 block, the maximum width L of each crisscross portion of the 
seal ing material layer formed between the porous ceramic members 
was 0.15 mm, the minimum width 1 of the sealing material layer 
was 0.10 mm, and the maximum width L of the crisscross portion 
was 1.5 times greater than the minimum width 1 of the sealing 
10 material layer. 

(Examples 17 to 30, Comparative Examples 7 to 12) 

The same processes as those of Example 16 were carried 
out except that the size of the chamfered face R formed on each 
15 of the corner port ions of the circumference of the ceramics dried 
body was set to each of values shown in Table 2 so that a porous 
ceramic member was manufactured. 

The same processes as those of Example 16 were carried 
out except that the above-mentioned porous ceramic member was 

2 0 used and that the thickness of the sealing material layer formed 

between the porous ceramic members was set to each of values 
as shown in Table 2 so that a honeycomb filter was manufactured. 

The cross-sectional shape of the ceramic block for each 
of the honeycomb filters according to Examples 16 to 30 was almost 
25 the same as that shown in Fig. 3(a) . Here, on the end face of 
the ceramic block, the maximum width L of each crisscross portion 
of the sealing material layer formed between the porous ceramic 
members, the minimum width 1 of the sealing material layer, and 
the rate of the maximum width L of the crisscross portion to 

3 0 the minimum width 1 of the sealing material layer are respectively 

shown in Table 2 . 

Evaluation Tests 1 and 2 were carried out on the honeycomb 
filters according to Examples 16 to 30 and Comparative Examples 
35 7 to 12 . 
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The results of the evaluation tests are shown in Table 
2 and Fig. 8. 

Here , Fig . 8 is a graph that shows the relationship between 
the rate (L/l) of the maximum width L of a crisscross portion 
5 of sealing material layer formed between porous ceramic members 
to the minimum width 1 of the sealing material layer and the 
depth of wind erosion at the crisscross portion of the sealing 
material layer, on the cross section of the ceramic block in 
each of the honeycomb filters according to Examples 16 to 3 0 
10 and Comparative Examples 7 to 12 . 
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As shown in Table 2, in the honeycomb filters according 
to Examples 16 to 30, in which the maximum width L of the crisscross 
portion of the sealing material layer is made 1.5 to 3 0 txmes 
greater than the minimum width 1 of the sealing materxal layer, 
the depth of wind erosion on each crisscross port ion of the seal xng 
material layer is 4 . 0 mm or less so that the resulting depressxon 

is not so deep. 

in contrast, in the honeycomb filters accordxng to 
Comparative Examples 7 to 12, in which the maximum width L of 
the crisscross portion of the sealing material layer xs less 
than 1 . 5 times the minimum width 1 of the sealing materxal layer 
or exceeds 3 times the minimum width 1 of the sealing materxal 
layer, the depth of wind erosion on each crisscross portxon of 
the sealing material layer is 4.3 mm or more so that there xs 
a large depression on the crisscross portion of the sealxng 

material layer. 

Moreover, in the honeycomb filters according to Examples 
16 to 30, no cracks or the like were observed in the sealxng 
material layer formed between the porous ceramic members after 
the regenerating process. 

in contrast, in the honeycomb filters according to 
comparative Examples 7 to 12 , cracKs occurred on the end face 
on the exhaust gas inlet side, centered on the depression ormed 
in the crisscross portion of the sealing material layer formed 
between the porous ceramic members. 

(Comparative Examples 13 to 19) 

The same processes as those of (1) of Example 1 were earned 

out except that the size of the chamfered face R formed on each 
, of the corner portions of the circumference of the ceramics dried 

body was set to each of values shown in Table 3 so that a porous 

ceramic member was manufactured. 

The same processes as those of (2) of Example 1 were carried 

out except that the above-mentioned porous ceramic member was 
S used, that the thiexness of the sealing material layer formed 



46 



between the porous ceramic members was set to 1 . 0 mm and that 
no sealing material paste layer was formed on the circumferential 
portion of the ceramic block so that a honeycomb filter was 
manufactured . 

5 The cross-sectional shape of the ceramic block for each 

of the honeycomb filters according to the present Comparative 
Examples 13 to 19 was almost the same as that shown in Fig. 6 (a) . 
Here, on the end face of the ceramic block, the maximum width 
L of each crisscross portion of the sealing material layer formed 

10 between the porous ceramic members, the minimum width 1 of the 
sealing material layer, and the rate of the maximum width L of 
the crisscross portion to the minimum width 1 of the sealing 
material layer are respectively shown in Table 3 . 

Evaluation Tests 1 and 2 described above were carried out 

15 on the honeycomb filters according to Comparative Examples 13 
to 19. 

The results of the evaluation tests are shown in Table 
3 and Fig . 9 . 

Here , Fig . 9 is a graph that shows the relationship between 
2 0 the rate (L/l) of the maximum width L of a crisscross portion 
of sealing material layer formed between porous ceramic members 
to the minimum width 1 of the sealing material layer and the 
depth of wind erosion at the crisscross portion of the sealing 
material layer, in honeycomb filters according to Comparative 
25 Examples 13 to 19 with respect to the results of Evaluation Test 
1. 
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As shown in Table 3, in the honeycomb filters according 
to Comparative Examples 13 to 19 in which no sealing material 
paste layer is formed on the circumferential portion of the 
ceramic block, regardless of whether or not the maximum width 
5 L of the crisscross portion of the sealing material layer formed 
between the porous ceramic members is made 1 . 5 to 3 times greater 
than the minimum width 1 of the sealing material layer, the depth 
of wind erosion on each crisscross port ion of the sealing material 
layer is 7.0 mm or more so that a large depression is formed 
10 on the crisscross portion of the sealing material layer. 

Moreover, in the honeycomb filters according to 
Comparative Examples 13 to 19, cracks occurred on the end face 
on the exhaust gas inlet side, centered on the depression formed 
in the crisscross portion of the sealing material layer formed 
15 between the porous ceramic members. 

In other words, the honeycomb filter according to the 
invention disclosed in JP Kokai 2001-96117 is found tobe a fragile 
honeycomb filter that is less likely to generate cracks and the 
like . 

20 

(Test Examples 1 to 21) 

The same processes as those of (1) of Example 1 were carried 
out except that the size of the chamfered face R formed on each 
of the corner portions of the circumference of the ceramics dried 

2 5 body was set to each of values shown in Table 4 so that a porous 

ceramic member was manufactured. 

The same processes as those of (2) of Example 1 were carried 
out except that the above-mentioned porous ceramic member was 
used, that the thickness of the sealing material layer formed 

3 0 between the porous ceramic members was set to each of values 

shown in Table 4 and that a sealing material paste layer was 
formed on the circumferential portion of the ceramic block, 
without cutting the circumference of the ceramic block, so that 
a rectangular columnar (rectangular parallelepiped) honeycomb 
35 filter with a square bottom face having 165 mm in each side was 
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manufactured . 

The cross-sectional shape of the ceramic block for each 
of the honeycomb filters according to the present Test Examples 
1 to 21 was almost the same as that shown in Fig. 3 (a) or Fig. 
5 6(a) . Here, on the end face of the ceramic block, the maximum 
width L of each crisscross portion of the sealing material layer 
formed between the porous ceramic members, the minimum width 
1 of the sealing material layer, and the rate of the maximum 
width L of the crisscross portion to the minimum width 1 of the 
10 sealing material layer are respectively shown in Table 4 . 

Evaluation Tests 1 and 2 described above were carried out 
on the honeycomb filters according to Test Examples 1 to 21. 

The results of the evaluation tests are shown in Table 
4 and Fig. 10. 

15 Here, Fig. 10, which relates to the results of Evaluation 

Test 1, is a graph that shows the relationship between the rate 
(L/l) of the maximum width L of a crisscross portion of sealing 
material layer formed between porous ceramic members to the 
minimum width 1 of the sealing material layer on the cross section 

2 0 of the ceramic block and the depth of wind erosion at the crisscross 
portion, in the honeycomb filters according to Test Examples 
1 to 21. 
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As shown in Table 4, in the honeycomb filters according 
to Test Examples 1 to 15, in which the maximum width L of the 
crisscross portion of the sealing material layer formed between 
the porous ceramic members is made 1 . 5 to 3 . 0 times greater than 
5 the minimum width 1 of the sealing material layer, the depth 
of wind erosion on each crisscross portion of the sealing material 
layer is 5.3 mm or less so that the resulting depression is not 
so deep comparatively. 

In contrast, in the honeycomb filters according to Test 
10 Examples 16 to 21 , in which the maximum width L of the crisscross 
portion of the sealing material layer formed between the porous 
ceramic members is less than 1.5 times the minimum width 1 of 
the sealing material layer, or exceeds 3 times the minimum width 
1 of the sealing material layer, the depth of wind erosion on 
15 each crisscross portion of the sealing material layer is 5.5 
mm or more so that there is a large depression on the crisscross 
portion of the sealing material layer. 

Moreover, in the honeycomb filters according to Test 
Examples 1 to 15, no cracks or the like were observed in the 

2 0 sealing material layer formed between the porous ceramic members 

after the regenerating process when the amount of addition of 
the alumina layer is set to 1 g/L or 20 g/L. In the case of 
60 g/L in the amount of addition of the alumina layer, in the 
honeycomb filters according to Test Examples 2 to 4, 7 to 9, 
25 and 12 to 14, in which the maximum width L of the crisscross 
portion of the sealing material layer formed between the porous 
ceramic members is in a range of 1.6 to 2.5 times the minimum 
width 1 of the sealing material layer, no cracks or the like 
occurred in the sealing material layer formed between the porous 

3 0 ceramic members after the regenerating process; however, in the 

honeycomb filters according to Test Examples 1, 5, 6, 10, 11 
and 15, in which the maximum width L of the crisscross portion 
of the sealing material layer formed between the porous ceramic 
members is 1.5 or 3.0 times the minimum width 1 of the sealing 
3 5 material layer, cracks occurred on the end face on the exhaust 
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gas inlet side, centered on the depression formed in the 
crisscross portion of the sealing material layer formed between 
the porous ceramic members . 

In contrast, in the honeycomb filters according to Test 
5 Examples 16 to 21, regardless of the amount of addition of the 
alumina layer, cracks occurred on the end face on the exhaust -gas 
flow- in side, centered on the depression formed in the crisscross 
portion of the sealing material layer formed between the porous 
ceramic members. 

10 

INDUSTRIAL APPLICABILITY 
With the above-mentioned arrangement, the honeycomb 
filter for purifying exhaust gases of the present invention is 
allowed to have superior durability, and is less likely to 
15 generate cracks and the like at a crisscross portion of sealing 
material layer, even when used together with a catalyst or used 
in an exhaust gas purifying device repeatedly for a long time. 



